In a recent meta-analysis published in this journal Law and Morris (1998) sought to quantify the association between fruit and vegetable intake and ischaemic heart disease. They estimated that for six dietary markers of fruit and vegetables the risk of ischaemic heart disease was on average reduced by 15% at the 90th centile of consumption when compared to the 10th centile. In this commentary we will argue that this ®gure is misleading; and that a more cautious and considered approach should be adopted when reviewing the body of evidence that is available on this issue.
The value of examining food ± disease associations
This meta-analysis (Law & Morris, 1998) , and an earlier review which did not include a meta-analysis (Ness & Powles, 1998) , represent the ®rst attempts to systematically review the literature on the association between fruit and vegetables and cardiovascular disease. This is perhaps surprising given the apparent consensus amongst epidemiologists (CRG, 1994; Greenberg & Sporn, 1996; Gillman, 1996; Kromhout, 1996) and policy makers (James et al, 1988; CDM, 1989; WHO, 1990; CRG, 1994 ) that increased intake of fruit and vegetables reduces the risk of subsequent ischaemic heart disease. Examining the association between foods and disease as well as that between constituents and disease is of value for two reasons. Firstly, given the chemical complexity of food and the limited understanding of how speci®c dietary constituents (alone or in combination) alter risks, it makes good scienti®c sense to examine the associations of risk with food groups and foods as well as with the speci®c constituents invoked by current mechanistic hypotheses. Secondly, people eat foods rather than dietary constituents and effective advice therefore has to be framed in terms of foods.
The importance of quanti®cation in public health policy formulation
It is important to attempt to quantify the likely bene®cial effects of policies that aim to improve population health Ð such as increasing fruit and vegetable consumption. The process of formal quanti®cation ensures a systematic approach, makes explicit any assumptions used and allows comparison with other policies designed to improve the public health. To be useful, however, such quantitative estimates have to be both meaningful and valid. The authors performed a meta-analysis of observational studies to derive their estimate of 15% reduction in risk of ischaemic heart disease. Meta-analysis is widely used to combine the results from separate controlled trials and, although not infallible, clearly has advantages over conventional narrative reviews (Egger & Davey Smith, 1997 . A fundamentally different situation, however, arises in the case of observational studies.
Meta-analysis of observational studies
Meta-analysis is based on the assumption that each component study provides an unbiased estimate of the effect of interest, with the variability of the results between the studies being attributed to random variation. The same assumption also underlies the analysis performed by Law and Morris (1998) . This assumption will be reasonable for a group of representative, state-of-the-art clinical trials which tested the same intervention in comparable patient populations. Meta-analysis will in this situation yield an essentially unbiased estimate of the treatment effect whose precision is enhanced by combining the studies. The same logic does not, however, hold for observational studies. Due to the effects of confounding and measurement error, the cohort studies analysed by Law and Morris (1998) may have produced estimates of associations which differ systematically from the truth. Indeed, the literature on the apparent protective effect of one of the dietary constituent considered by the authors, beta-carotene, provides an excellent example of the dangers of observational meta-analyses .
Potential residual confounding
Numerous cohort and case-control studies have shown that people eating a diet rich in beta-carotene, and people having higher serum beta-carotene concentrations have lower rates of cardiovascular disease (Jha et al, 1995) . These ®ndings were mechanistically plausible because beta-carotene has antioxidant properties and could thus be expected to prevent atherogenesis by reducing oxidative damage to lipoproteins. In contrast to the other dietary markers considered by Law and Morris, the effect of betacarotene on ischaemic heart disease and mortality was also examined in randomised controlled trials. It is instructive to compare the results from cohort studies with those from these trials.
We previously performed a separate meta-analysis of the ®ndings for cardiovascular mortality for six observational studies and four randomised trials . For observational studies results related to a comparison between groups with high and low beta-carotene intake or serum beta-carotene level, whereas in trials groups randomised to beta-carotene supplements were compared with participants randomised to placebo. The meta-analysis of the cohort studies shows a signi®cantly lower risk of cardiovascular death (relative risk reduction 31%, 95% CI 41±20%, P`0X0001), similar to the estimates Law and Morris (1998) found for ischaemic heart disease. The results from the randomsised trials, however, indicate a moderate adverse effect of beta-carotene supplementation (relative increase in the risk of cardiovascular death 12%, 95% CI 4±22%, P 0X005) (Figure 1 ).
These discrepant ®ndings could well be explained by confounding. People who eat a diet rich in beta-carotene will eat more of dietary constituents closely associated with beta-carotene, are less likely to be smokers and less likely to belong to the socially and economically disadvantaged strata of society. Although attempts are often made to control for confounding factors in multivariate analysis, measurement imprecision in correlated exposure variables can affect the strength and, in some instance,s the direction of effects in a complex and sometimes unpredictable manner (Phillips & Davey Smith, 1991; Davey Smith & Phillips, 1992) . In this situation residual confounding will often continue to produce spurious effects whereas imprecision in the measurement of dietary exposures may attenuate true effects.
Systematic reviews of observational studies
No large published trials of advice to eat more fruit and vegetables exist, although one is now underway in men with angina (personal communication, Michael Burr). The disappointing results obtained in the antioxidant trials should surely serve as warning when conducting meta-analyses of observational studies in general, and when reviewing the observational evidence on fruit and vegetable intake and ischaemic heart disease in particular. Any worthwhile review should be systematic and employ strategies to avoid bias and random error (Chalmers & Altman, 1995) , but the statistical combination of studies is not always appropriate. Indeed, meta-analysis should not, in general, be a prominent component of reviews of observational studies. Rather, the careful consideration of possible sources of heterogeneity shoudl be at the cnetre of such reviews (Thompson, 1994; This will generally provide more insights than the mechanistic calculation of an overall measure of effect, which will often be biased.
Systematic review or meta-analysis?
The studies reviewed by Law and Morris (1998) were clearly heterogeneous. Different measures of dietary intake and disease outcomes were used, and diet ± disease associations were reported in different ways. Unsurprisingly, signi®cant heterogeneity between study results was present for ®ve out of the six dietary markers considered. However, no attempt was made by Law and Morris to explore the sources of heterogeneity. Analyses strati®ed by the approach used to measure fruit and vegetable intake, by the length of follow-up and by study location would have been valuable. In a previous meta-analysis of dietary calcium intake and blood pressure the regression slope describing the change in systolic blood pressure per 100 mg of calcium intake was strongly in¯uenced by the approach employed for assessment of the amount of calcium consumed .
Law and Morris's review was not comprehensive. The authors failed to include several studies that have reported Figure 1 Meta-analysis of the association between beta-carolene intake and cardiovascular mortality: results from observational studies indicate considerable bene®t whereas the ®ndings from randomised controlled trials show an increase in the risk of death. From Egger et al (1998) with permission.
Letter to the Editor directly on the association between fruit and vegetables and ischaemic heart disease (Vollset & Bjelke, 1983; Gillman et al, 1995; Key et al, 1996) . Though the main focus of two of these studies was stroke, both report null associations for coronary disease (Vollset & Bjette, 1983; Gillman et al, 1995) . The third study they omitted appears initially to be another report of a vegetarian cohort already included in their review (Key et al, 1996) . Closer inspection, however, reveals that it is in fact a separate cohort recruited over a different time period. They also neglected to include analyses of fruit and vegetables, that were reported alongside results on constituents, in two of the studies they cited Pietinen et al, 1996 . Results for portions of fruit and vegetables combined were reported in the discussion of one and tabulated for fruit and vegetables separately in the other (Pietinen et al, 1996) . The inclusion of these studies would have meant the authors had eight studies (rather than three) in which to examine the food ± disease (rather than constituent ± disease) association directly.
Finally, some of the authors exclusion criteria are at best idiosyncratic. Why, for example, was the 95% con®dence interval for potassium (Khaw et al, 1987) of 0.52 to 2.00 wide enough to warrant exclusion of the study while that for plasma vitamin C (Burr et al, 1982) a con®dence interval of 0.43 to 2.00 (which was wider) was not?
Law and Morris speculate that regression dilution due to measurement error is likely to be less of a problem with fruit and vegetable consumption than it has been with animal fat consumption. However in the validation study for the UK arm of EPIC, a food frequency questionnaire (used in seven of the 10 dietary studies reviewed) performed no better in classifying subjects by potassium consumption than by fat consumption (against a reference method of 16 d weighed intakes; Bingham et al, 1997) . Nor are measures of carotenoids in serum free of the effects of intra-individual variation (Willett, 1990 ) Ð creating a bias towards the null to counter the effects of residual confounding with smoking noted by the authors.
Conclusions
Law and Morris are to be commended for their bold attempt to quantify the`protective' effect of fresh fruit and vegetables on ischaemic heart disease risk. But notwithstanding the tendency of many of their results to converge on a 15% decrease in risk at high levels of estimated consumption, substantially larger effects remain plausible for a corresponding difference in true consumption Ð especially in populations with low levels of average consumption where there are often also sustained seasonal de®cits of these foods. On the other hand, the example of beta-carotene and other misleading metaanalyses illustrate the dangers of observational meta-analysis. Indeed, residual confounding could well explain the 15% reduction in risk of coronary disease. It is unfortunate that Law and Morris could not resist the temptation to statistically combine a selected set of heterogeneous studies. Their estimate of the size of the protective association, though apparently precise, may be misleading. Sadly, Law and Morris' analysis may serve to undermine con®dence in public health advice to eat more fruit and vegetables and at the same time to further discredit meta-analyses of observational data.
